Since its first use in 1970, the flow-directed pulmonary artery catheter 1 (Swan-Ganz) has become a popular device for monitoring of the cardiovascular system, particularly during cardiac surgery. Complications arising from its use are frequent and range from benign arrhythmias to death. We wish to report a death occurring after rupture of the pulmonary artery in a patient undergoing coronary artery surgery who was subsequently found to have an abnormal pulmonary vessel.
Since its first use in 1970, the flow-directed pulmonary artery catheter 1 (Swan-Ganz) has become a popular device for monitoring of the cardiovascular system, particularly during cardiac surgery. Complications arising from its use are frequent and range from benign arrhythmias to death. We wish to report a death occurring after rupture of the pulmonary artery in a patient undergoing coronary artery surgery who was subsequently found to have an abnormal pulmonary vessel.
CASE REPORT
A 76-year-old man was scheduled for repeat coronary artery grafting. He had his first grafts in 1983 and had been reasonably well for 12 years until an anterior myocardial infarct three months prior to admission, with subsequent unstable angina. Past medical history included atrial fibrillation, hypertension, hypercholesterolaemia and cholecystectomy. He was receiving isosorbide mononitrate, amiodarone, metoprolol, nifedipine and simvistatin orally and intravenous infusions of glyceryl trinitrate and heparin preoperatively. His apex beat was displaced but there was no evidence of cardiac failure. The serum creatinine was 149 µmol/l (normal range 80-120 µmol/l) and the chest radiograph showed cardiomegaly and pulmonary venous congestion. There was electrocardiographic evidence of an old anterior infarct. Cardiac catheterization showed severe three-vessel disease with mild left ventricular impairment and a patent "round the world graft".
Premedication included oral lorazepam and intramuscular morphine with supplemental oxygen by mask. His glyceryl trinitrate and heparin infusions were discontinued on arrival in the operating theatre. Using local anaesthesia, right-sided peripheral venous, radial artery, subclavian central venous catheters and an internal jugular 9 Fr sheath for a 7 Fr Swan-Ganz catheter were placed without difficulty. Pulmonary artery pressures of 55/20 mmHg were recorded. Anaesthesia was induced with fentanyl and pancuronium and the patient remained haemodynamically stable throughout the two-hour prebypass period while the left arm veins were harvested and the left internal mammary artery mobilized.
The Swan-Ganz catheter functioned normally and "wedged" in the usual manner during this time. Following heparinization, cardiopulmonary bypass was established via the left femoral vessels and the patient was cooled to 28°C. The transducer used to measure pulmonary artery pressure was switched during bypass to monitor coronary sinus pressure during retrograde cardioplegia infusions and was then returned to measure pulmonary artery pressure at the time of separation. Four grafts were placed during a total bypass period lasting 123 minutes. Separation from bypass required DOO pacing and inotropic support with adrenaline. The Swan-Ganz catheter was used to measure pulmonary artery, wedge pressures and cardiac output at this time. The waveforms were typical and the catheter appeared to function normally.
Within minutes frothy bloody fluid appeared in the endotracheal tube and the patient became hypotensive with low left-sided filling pressures (pulmonary pressures 32/16 mmHg, PAWP 12 mmHg). Bypass was resumed, however frothy bloody fluid continued to appear in the breathing circuit. Protamine had not been administered. Treatment included methylprednisolone IV and ventilation with 100% 0 2 and 10 cm H 2 O of PEEP. An intraortic balloon pump was inserted and a milrinone infusion commenced. Attempted separation from bypass again resulted in haemodynamic instability and it became increasingly difficult to ventilate the lungs because of massive airway flooding. Adequate oxygenation was only possible by re-establishing bypass. A diagnosis of pulmonary artery rupture was then considered most likely and a left-sided 39 Fr double-lumen endobronchial tube was placed. Fluid from each lung was expressed manually and suctioned repeatedly. Fibreoptic inspection of the airway was unsuccessful because of the flooding. At this stage the patient was requiring blood transfusion, partial bypass and large infusions of adrenaline and noradrenaline to maintain an adequate blood pressure. The hilum of the right lung was clamped and although there was less flooding of the airway, selective ventilation of the left lung was impossible. After 4 hours and 16 minutes of bypass and resuscitation the circulation remained grossly inadequate and ventilation of the lungs remained impossible. Further attempts at resuscitation were abandoned.
At autopsy there was extensive bilateral pulmonary oedema and intense congestion and haemorrhage in the right lung. A branch of the right pulmonary artery supplying the right lower lobe had a tear through the wall and was extremely small. Its origin was at an acute angle to the main vessel. To the naked eye it appeared paler and more yellow than the adjacent vessels. There was evidence of a old anterior myocardial infar`ct and of a recent posterior basal infarct. The pulmonary arteries showed widespread atherosclerosis and atheroma was visible in the ruptured vessel. Microscopy confirmed atheromatous disease. Death was deemed to be secondary to an iatrogenic rupture of an abnormal branch of the right pulmonary artery.
DISCUSSION
The incidence of rupture of the pulmonary artery during bypass surgery is between 0.1% and 1.5% 2 . In a review of 30 patients with pulmonary artery rupture during bypass, the overall mortality was 41% with a preponderance of female patients having valvular surgery 3 . Pulmonary hypertension and hypothermia may increase the risk. As in our case, the right-sided vessels to the lower or middle lobe are usually involved.
While several mechanisms have been suggested to explain the cause of the rupture, it is often difficult to find the site of rupture during post mortem examination 4 . The appearance in our patient suggested arterial perforation secondary to inflation of the Swan-Ganz catheter balloon. During bypass the catheter may migrate peripherally because of lung deflation and manipulation of the heart, and this may predispose to rupture. In most cases the bleeding only becomes apparent during weaning from bypass when the lungs are reinflated and reperfused. In this case, the frothy bloody fluid in the airway initially resembled that of pulmonary oedema. This appearance, when taken together with low pulmonary artery and wedge pressures, initially suggested an aetiology related to a sudden change in pulmonary capillary permeability. An explanation for this was not obvious, especially as protamine had not been administered.
The initial treatment reflected this assessment until the increasing volume and bloodiness of the airway fluid led to the diagnosis of pulmonary artery rupture. The ideal management of pulmonary artery rupture includes early diagnosis and aggressive intervention to prevent airway flooding and exsanguination. Lung isolation, lobectomy, pneumonectomy or angiography with embolization may be required, depending on the amount of bleeding and the location and extent of the injury. Haemoptysis immediately after catheter insertion occurs in 20% of ruptures. A "herald" bleed carries a high mortality after cardiopulmonary bypass and elective cases should be postponed 3 . The presence of small proximal branches of the main pulmonary arteries making rupture more likely has been proposed but not described 5 . As far as we are aware, this is the first case in which rupture has been clearly due to damage to an abnormal vessel.
Avoidance of this complication begins with a consideration for the need for a Swan-Ganz catheter. Recent guidelines suggest that the benefits of pulmonary artery monitoring are unproven in many situations. However, faced with a patient with known myocardial and renal disease requiring repeat cardiac surgery, many anaesthetists would feel that it is essential to measure haemodynamic variables. Avoiding balloon inflation and relying on pulmonary diastolic pressures may prevent rupture. No pulmonary artery rupture was seen in 8295 catheterizations performed with non-balloon-tipped catheters 6 . Withdrawal of the catheter into a central position during bypass should reduce catheter migration. Any rupture that might occur in this position should be accessible for surgical intervention. The central position may result in some difficulty advancing and wedging the catheter during weaning from bypass. Meticulous care during balloon inflation and observation of the trace at all times for overwedging should alert the clinician to most potentially dangerous catheter locations.
